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~. in the long dimenSion. corresponding to 
=-~ __ ' a 0.736 free-space wavelength. The im-
--nee-matching transmission line sec-
that feed adjacent elements differ 
!etncal length by 180 '. so that ad-
oN-broadside beams are the results of 
grating lobe radiation. The 3·dB Width 
of each beam is 2.7 '; the peak side-
lobes are 15 dB below the main-beam 
peaks. In practice. imperfections of de· 
sign and fabrication prevent exact can-
cellatIOn of the broadside beam. which 
remains about 18 dB below either main 
beam. The measured peak gain at 5.29 
GHz is 20 dB with respect to an isotro-
pic antenna. "he coaxial power divider 
and coaxial callies that feed the antenna 
account for aIbout t5 dB of insertion loss. 
For further Information. write In B3 on 
the TSP Request GaId. 
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It elements are fed in opposite phase. 
" the antenna can be regarded as 
,isting of two interleaved subarrays 
ed in oPPOsite phase. 
Ie combined effect of interferences 
ng the electromagnetic fields radi-
by the various elements In like and 
)site phases is to suppress the net 
Ilion in the broadside direction and 
coherently to produce the two oN-
Idside beams at ±41.5'. These two 
This work was done by Jolln Huang 
and Soren N. Madsen of Caltecll for 
NASA's Jet Propulsion Laboratory. 
= Steerable KIKa-band Antenna for 
Land-Mobile Satellite Applications 
This antenna tracks and communicates with a 
geostationary satellite from the roof of a moving vehicle. 
NASA's Jet Propulsion Laboratory, Pasadena. California 
In accordance with Public LEw 96-
517. Che contractor has elected CO retain 
title to this invention. Inquiries concem-
ing rights for its commercial use ShOuld 
be addressed to 
William T. Callaghan. Manager 
Technology Commercialization 
Jet Propulsion Laboratory 
(MIS 301-350) 
4Boo Oak Grove Drive 
Pasadena. CA 91109 
Refer to NPO-1BB10. volume and num-
ber of ChiS NASA "ech Bnefs Issue. and 
Che page numtJer. 
A prototype steerable microwave an-
tenna tracks and communicates with a 
geostationary satellite. It is designed to 
be mounted on the roof of a vehicle (car. 
NASA's Advanced 
CommunlcabClri T ectlnology SateUile 
truck or van) and is only 10 cm tall. To-
gether with a stationary ground termi-
nal. the vehicle and satellite are parts of 
an expenmental mobile -satellite com-
munication system using NASA's Ad-
vanced Communications Technology 
Satellite (see Figure I), 
The antenna includes a feedhorn and 
an offset reflector mounted on a rotary 
table driven by a stepping motor. A lay-
ered dieleCtric radorne protects these 
components (see Figure 2). The anten-
na handles both the 20 GHz. vertically 
potanzed. received (downlink) beam and 
the 30 GI-IZ. hOrizontally potanzed. trans-
mitted (uplink) beam. both with a 300 
MHz bandwidth. a provides a peak re-
C8IV9 sensitivity of -3 dB/K (gam to noise 
tempemture ratio) and a peak transmit 
isotropic gBln of 24 dB. while supporting 
transmit power levels up to 10 W. The 
transmitted and received beams are 
routed between the antenna and the 
equipment inside the vehicle via a co-
axial rotary jOint and a diplexer. 
The position and onentat,on of the 
feedhorn on the rotary taille are fixed. but 
the elevation angle of the reflector can 
be edjusted manually so that it matches 
that of the satellite in the geographical re-
gion in which the vehicle operates. The 
radiation patterns of the antenna at the 
two frequencies are broad enough to ac-
commodate the typical lilting experi-
enced by vehicles while traveling along 
paved roads. 
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Figure 1. This Experimental Communications System is designed to demonstrate and 
test various aspects of mobile satellite communications. A prinCipal subsystem - the 
subject of this article - is the steerable microwave antenna mounted on the roof of a van. 
Under controt of a computer mounted 
in the vehicle. the rotary taille IS turned 
so that the antenna acquires a pilot-tone 
signal that the satellite relays to the van 
from the stationary ground terminal. Once 
the pilot tone IS acquired. an inertial turn-
rate sensor mounted to the vehicle pro-
vides most 01 the in1ormation needed to 
keep the antenna pointed tOWard the 
satellite as the vehicle moves about. so 
that corn munications are sust8lned while 
traveling. Any residual azimuthal-angie 
pointing error that develops IS detected 
by sinusoidally dithering the nltary taille 
,,1' at a frequency of 2 Hz while moni-
toring the signal st rength of the pilot 
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IDLO 
is the only software that 
allows you to program four to ten 
times faster' than FORTRAN or C. 
It seamlessly integrates all of your 
scientific computing needs in a 
single package - breathtaking 20, 
!o 3D graphiCS, powerful number 
crunching, flexible data 110 and 
more, It even includes a complete 
CUI toolkit for creating point and 
click applications. And, because 10l 
runs on pcs, Macs, Unix and VMS 
workstations you won't have to 
rewrite your code every time you 
change machines. 
Join the elite group of 
more than 20.000 
scientists around the 
world who are saving 
time and money by using rDl. 
Call us for a free demo. 
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Figure 2. The Steerable KiKa-band Antenna is made rugged and compact to suit the 
rooftop mobile operating environment. The more· delicate signal-processing and control 
equipment is located inside the vehicle. 
tone received through the antenna. The 
resuttrng estimate of porntlng error is the 
source of feedback for the antenna 
pointing subsystem. 
The antenna system completes a lull az-
imuthal scan and acquires the pilot tone 
in abOut 6 seconds. Alter acquisihon and 
during tracking, the root-mean-square 
pointing error is only a small fraction of a 
degree. The system can compengate for 
vehICle turn rates up to &Jo/s. If the pilot 
tone IS temporarrly lost (eg., when the 
vehicle passes under a brroge) the rner-
tial part of the antenna pOinting subsys-
tem contrnues to function, thereby fa-
Cilitating Immediate reacquisition. 
This work was done by Arthur 
Densmore, V<l/lraz Jamneiad, and Kenneth 
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Wo<;: of Caltech for NASA's Jet Pro-
_p",lsI9" Laboratory. For further infor-
., malion, write In 19 on the TSP Request 
• CaJd. 
ThIS invention is owneo by NASA, 
and a patent application has been fiteo. 
Inquiries concernmg nonexclusive or ex-
clusive license for its commercial deveJ-
opment shOuld be addrasseo to the 
Patent Counsel, NASA Resident Office-
JPL {see page 20). RefertoNPO-18772 . 
Q)Frequency-Selective Microwave Reflectors 
Multiple double-loop patch elements reflect at some frequencies and transmit at others, 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Ughtweight dichroic reflector panels 
are being develOped for use in muttiplex-
ing electromagnetic waves at three or 
four microwave frequencies. The basiC 
requirement is that the panels be highly 
reflective In the X and K. bands and 
highly transmissive in the K.. and S 
bands. The original Intended application 
IS in the subreflector of a main paralbo-
loidal reflector to enable simuttaneous 
operation in both a prime-focus config-
uration In the K.. and S bands and a 
Cassegraln configuration In the X and 
K. bands, as shown In Figure 1. 
The reflector panels are being de-
signed according to two alternative ap-
proaches - add-on and integrated. In 
the add-on approach, each panel in-
cludes a lightweight dielectric (e.g., plas-
tic foam or honeycomb) core that sup-
ports dichroic arrays of dOUble-loop array 
elements on its front and back surfaces. 
The front-surface array is highly reflec-
tive In the K. band and highly transmis-
sive in the S, X, and K.. bands; the 
back-surface array is highly reflective in 
the X band but highly transmissive in 
the S and K.. bandS. In the integrated ap-
proach, only one surface of the dielec-
tric panel core supports an array of dou-
ble-loop array elements that satisfies the 
basic frequency-selective reflection and 
transmission requirement. 
The subreflector panels for the intend-
ed application will have to be curved, 
but for the sake of simplicity, the proto-
type panels that have been bui" and 
tested thus far have been made flat. 
Both square and circular double-loop 
antenna elements have been deSigned 
and have been fabncated by deposit-
ing patches of copper on thin dielectric 
sheets. The sheets have then been at-
tached to the dielectnc cores to form 
unitary sandWich structures. For exam-
ple, Figure 2 shows a panel according 
to the add-on approach, with arrays of 
square double-loop array elements on 
polyimide sheets bonded to a foam core. 
This work was done by Te-Kao Wu 
of Caitech for NASA's Jet Propulsion 
Laboratory. For further mformarion, wrfte 
In 4 on the TSP Request Card. 
This invention IS owneo Oy NASA, and 
a patent applicatIon has been lileo. In-
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Figure 1. Raflector Panals are being aevelopea for use in the subrefleetor of the dual 
relleetor system. The subreflector is required to be highly reflectove in the X and K. 
bands and highly transmissive in the Sand K,. bands. 
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Figure 2. This Flat Reflector Panel of the add-on type inclUdes two surface arrays of 
double-square-Ioop patch elements. This panel is one of several prototypes of the 
curved subreflector of Figure 1. 
quires conceming nonexclusrve or exdu-
sive license for its commercial develop-
ment should be addresseo to the Patent 
Counsel, NASA Resident Office - JPL 
(see page 20). Referto NPO-1870 1. 
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